A mouse model of typhus rickettsiosis that reproduces the hematogenous dissemination to the critical target organs, including brain, lungs, heart, and kidneys, primary endothelial and, to a lesser degree, macrophage intracellular rickettsial infection, and typical vascular-based lesions of louse-borne typhus and murine typhus was established. Intravenous inoculation of C3H/HeN mice with Rickettsia typhi caused disease with a duration of the incubation period and mortality rate that were dependent on the infective dose of rickettsiae. Lethal infection was associated with high concentrations of R. typhi in the lungs and brain, despite a brisker humoral immune response to the rickettsiae than in the sublethal infection. Gamma interferon and CD8 T lymphocytes were demonstrated to be crucial to clearance of the rickettsiae and recovery from infection in experiments in which specific monoclonal antibodies were administered to deplete these components. Death of animals depleted of gamma interferon or CD8 T lymphocytes was associated with overwhelming rickettsial infection demonstrated by titers of infectious rickettsiae and by immunohistochemistry. An effective antirickettsial immune response was associated with elevated serum concentrations of IL-12 on Day 5 and increased secretion of IL-12 by concanavalin-A-stimulated spleen cells on Day 5. Evidence for transient suppression of the immune response consisted of marked reduction in the secretion of IL-2 and IL-12 by concanavalin-A-stimulated spleen cells on Days 10 and 15. This model offers excellent opportunities for study of attenuation and pathogenetic mechanisms of typhus rickettsiae, which are established biologic weapons of potential use in bioterrorism. (Lab Invest 2000, 80:1361-1372.
R
ickettsia typhi is the etiologic agent of murine typhus, one of the most prevalent and least diagnosed infections of tropical and subtropical regions, typically coastal locations with a warm climate. Rickettsia prowazekii causes epidemic louse-borne typhus fever, one of the most important infectious diseases of the last 500 years from the perspective of its historic impact (Zinsser, 1935; Traub et al, 1978) . These obligately intracellular bacteria are closely related genetically and share many antigenic and biologic characteristics (Vishwanath, 1991; Roux and Raoult, 1995; Roux et al, 1997; Stothard and Fuerst, 1995) . Their shared antigens include the group-specific lipopolysaccharide and many epitopes of the major immunodominant surface protein. Unlike spotted fever group (SFG) rickettsiae, which stimulate the polymerization of F-actin tails that propel them through the host cell cytoplasm and enable them to spread from cell-tocell, these typhus group rickettsiae remain in the cytoplasm of the host cell even though a small fraction of R. typhi do stimulate host cell generation of short F-actin tails (Wisseman and Waddell, 1975; Wisseman et al, 1976; Teysseire et al, 1992; Heinzen et al, 1993) . They divide repeatedly by binary fission until the distended cell bursts. Previously, two animal models of R. typhi infection have been described: guinea pigs inoculated intraperitoneally, intradermally, or intravenously and Balb/c mice inoculated subcutaneously or intravenously (Murphy et al, 1978 (Murphy et al, , 1979 Crist et al, 1984a Crist et al, , 1984b . Intradermally inoculated guinea pigs develop an eschar at the site of inoculation and local growth of rickettsiae followed by spread to and growth in the regional lymph node and hematogenous dissemination to the spleen and kidney (Murphy et al, 1978) . Although intraperitoneally inoculated guinea pigs develop febrile rickettsial peritonitis, animals inoculated intradermally or intravenously develop neither fever nor other signs of illness, and there is no fatal course (Murphy et al, 1978 (Murphy et al, , 1979 . Although the intradermal model was useful in demonstrating the importance of cellular immunity by adoptive transfer of immune spleen cells, the model was not characterized by identification of the target cells or any histologic lesions (Murphy et al, 1979) . Similarly in Balb/c mice inoculated subcutaneously or intravenously, no illness or fatalities occurred, and the cells infected with rickettsiae and presence of histopathologic lesions were not described. Research on the pathogenesis of typhus and the mechanisms of immunity to typhus group rickettsiae has been constrained by the lack of a reproducible animal model in which the endothelial cell is the major target and the vascular pathology resembles the human typhus fevers. There has been no consensus that immune mechanisms elucidated for SFG rickettsioses apply to typhus group rickettsial infections . Thus, this investigation was undertaken to develop an endothelial target model of typhus rickettsiosis in a genetically defined strain of mice that develop clinical illness, characteristic rickettsial histopathology, and dosedependent fatal or non-fatal outcome, and to assess the role of gamma interferon and CD8 T lymphocytes in rickettsial clearance and recovery from infection with R. typhi.
Results

Morbidity, Mortality, and Rickettsial Content of Organs in Mice Receiving a Lethal or Sublethal Dose of R. typhi
All of the mice inoculated with 10 median lethal doses (LD 50 ) of R. typhi became ill after 3 days. One died on Day 5, three died on Day 6, and six moribund mice were killed on Day 6. There were no survivors. All of the mice inoculated with 0.1 LD 50 became ill after 7 days, none died, and all six mice that had not been killed on schedule recovered on Day 13. Infectious rickettsiae were first recovered from the lethally infected mice on Day 2, and increased rickettsial titers were observed in all organs tested on Day 6 (Table 1) . The rickettsial titers on Days 5 and 10 in the sublethally infected mice were lower than those in the lethally infected mice on Days 4 and 6. By Day 15, when the sublethally inoculated mice seemed to have recovered completely, the content of R. typhi in the spleen was less than 5% of the quantity of infectious rickettsiae that had been present 10 days earlier. Despite a brisker and higher rise in titer of antibodies to R. typhi, the mice inoculated with the higher rickettsial dose died nonetheless (Table 1) .
Immunohistochemical and Ultrastructural Evaluation of the Distribution of Typhus Group Rickettsiae in Mice Receiving a Lethal Dose of R. typhi
Typhus group rickettsiae were detected in endothelial cells of pulmonary alveolar capillaries and renal intertubular capillaries and in macrophages in the marginal zone and red pulp of the spleen on Day 2 after inoculation. The liver also contained R. typhi organisms within macrophages and polymorphonuclear leukocytes of multifocal granuloma-like lesions, as well as in numerous sinusoidal lining cells without an associated inflammatory reaction. Focal rickettsiae were also detected in capillary endothelium of the myocardium. On Days 4 and 6, focal typhus group rickettsial infections were also identified in cerebral endothelial cells (Fig. 1A) .
On Days 4 and 6, a progressive increase in the quantity of rickettsiae was noted in pulmonary alveolar capillaries (Fig. 1B) , cerebral and meningeal capillaries, renal intertubular capillaries, myocardial capillaries, and hepatic sinusoidal lining cells.
The severe vascular infection on Days 4 and 6 was not associated with a cellular immune or inflammatory response. Focal areas of cerebral endothelial cells were strikingly swollen, corresponding to massive distension by intracellular rickettsiae (Fig. 2) . On Day 6, multifocal endothelial infection of capillaries was observed in the lamina propria of the small intestine and in the interstitium of the testis.
Electron microscopy identified rickettsiae in the cytoplasm of endothelial cells in the lung and in macrophages in the spleen and in Kupffer cells in the liver on Day 2 after inoculation (Fig. 3) . On Day 4, the quantity of rickettsiae had increased, resulting in cells distended with massive quantities of cytoplasmic organisms (Figs. 4 and 5) . The rickettsial organisms showed two different morphologic appearances, light and dense protoplasm. Many rickettsiae contained vacuoles within their cytoplasm, a typical feature of typhus group rickettsiae (Fig. 6 ). Some nonviableappearing rickettsiae were observed in phagolysosomes of macrophages (Fig. 7) . compared with sham-depleted mice. On Day 10, the rickettsial content of the CD8 T lymphocyte depleted mice was greater than in the sham-depleted mice in the lungs ( p ϭ 0.040), and approached statistical significance in the spleen ( p ϭ 0.08). By Day 15 after inoculation, the four killed mice of the sham-depleted mice had cleared their organs of infectious rickettsiae detectable by plaque assay, and the other eight had recovered clinically with return to normal physical appearance and activity. The clearance of organisms in sham-depleted mice on Day 15 compared with detection of low levels of rickettsiae in some of the untreated mice at this time suggests that normal ascites fluid might have conferred some minor protective factor in the sham-depleted mice.
Course
Histopathologic lesions were present during the incubation period on Day 5 before the onset of illness in all groups of animals. Within the liver were multiple foci of inflammation that were randomly distributed in the hepatic lobule and contained a variable mixture of macrophages, neutrophils, and lymphocytes, and frequently one or more hepatocytes with a shrunken, eosinophilic appearance suggestive of apoptosis.
In the sham-depleted mice, R. typhi were observed on Day 5 in many alveolar septal capillaries, in focal cerebral and renal intertubular capillary endothelial cells, in numerous splenic macrophages especially within the marginal zones of the periarteriolar lymphoid sheaths, and in the multifocal hepatic inflammatory lesions, as well as in many Kupffer cells. The multifocal vascular infection was not associated with any cellular inflammatory or immune response on Day 5. On Day 10 in the sham-depleted animals, typhus group rickettsiae were observed in the same locations as on Day 5 (Fig. 1C) as well as focally in myocardial capillaries, renal glomeruli, and meningeal blood vessels. Most of the rickettsiae had been cleared from the sham-depleted mice by Day 15 with only focal typhus group rickettsial antigen detected in thickened alveolar septa, in cerebral capillaries in association with perivascular lymphohistiocytic infiltrates, and in Kupffer cells and splenic macrophages.
Many of the most classic lesions of typhus group infection, the so-called glial nodules, which are perivascular infiltrates of the neuropil by macrophages and lymphocytes, were observed in the shamdepleted mice (Fig. 2B) . Rickettsial antigen had been cleared from all but rare examples of this lesion on Day 15.
The sham-depleted mice developed a brisk humoral immune response with rise in immunofluorescent assay antibody titer to R. typhi from 1:40 on Day 5 to 1:2560 -1:5120 on Days 10 and 15. The serum on Day 10 contained 129 pg/ml of IL-10, but none was detectable on Days 5 and 15 (Fig. 8A) . The serum concentration of IL-12 was elevated on Day 5 ( p ϭ 0.015), but not on Day 10 ( p ϭ 0.08) or Day 15 (Fig.  8B) . IL-2, IL-4, and IFN-␥ were not detected in serum throughout the experiment. The cytokine levels in the supernatant fluid of spleen cells stimulated with con- Electron photomicrograph of the lung of a mouse infected 2 days earlier with 10 LD 50 of R. typhi. An alveolar capillary endothelial cell contains rickettsiae, some with electron-dense protoplasm (arrowheads) and others with relatively electron-lucent protoplasm (arrows). Bar, 1 m.
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canavalin A indicated that R. typhi infection caused transient immunosuppression with decreased concentrations of IL-2 and IL-12 in concanavalin-Astimulated splenocyte cultures from infected mice on Days 10 and 15 (Fig. 9) .
Comparison of the Mortality, Rickettsial Content in the Organs, and Immunohistochemical Evaluation of the Distribution of R. typhi in Mice Depleted of IFN-␥ or CD8 T Lymphocytes and in Sham-Depleted Mice
Mice depleted of IFN-␥ became ill one day earlier, and 100% died when infected with a rickettsial dose that killed only 43% of sham-depleted mice ( p ϭ 0.002) ( Table 2 ). Death occurred earlier (Day 10) than in sham-depleted mice (median, Day 12.5). Mice depleted of CD8 T lymphocytes also had a significantly higher mortality rate (93%) than sham-depleted mice ( p ϭ 0.011). The course of illness resulting in death was shorter than in the sham-depleted mice, similar to that of the IFN-␥-depleted group.
In the CD8 T lymphocyte-depleted mice, the quantities of R. typhi in the organs were impressively increased compared with the sham-depleted animals, as observed by immunohistochemistry. The differences were most dramatic on Day 10 when severe rickettsial infection was observed in pulmonary alveolar capillaries, cerebral capillaries, renal interstitial capillaries, glomeruli, arteries and veins, myocardial capillaries, endocardium, hepatic inflammatory lesions, and Kupffer cells and in splenic macrophages and blood vessels.
In the IFN-␥-depleted mice, there were more typhus group rickettsiae observed in the organs by immunohistochemistry on Day 5 than in the other groups of animals. Severe rickettsial infection was present in cerebral, pulmonary alveolar, renal interstitial, and myocardial capillaries and in splenic and hepatic macrophages (Fig. 1D) .
The rickettsial organ infectivity titers supported these observations (Table 3) , although technical factors intrinsic to the plaque assay for R. typhi yielded results with standard deviations too large to achieve statistical significance. None of the IFN-␥-depleted mice survived until they were scheduled to be killed on Day 10 for analysis of rickettsial infectivity content, antibody, and cytokine responses. The sera of CD8 T lymphocyte-depleted mice surviving on Day 10 had immunofluorescent assay titers to R. typhi of 1:1280 -1:2560.
Discussion
Investigations of immune mechanisms and of attenuation of typhus group rickettsiae have been impeded by the lack of an animal model in which endothelial cells are identified as the major target, there are histopathologic lesions characteristic of the typhus fevers, and lethal or non-lethal outcome can be reliably predicted by the dose of inoculation. Two useful inbred mouse models of SFG rickettsioses have been developed: Balb/c mice infected intravenously with R. australis and C3H/HeN mice infected intravenously with R. conorii (Malish 7 strain) (Feng et al, 1993; Walker et al, 1994 ). The latter model has been utilized to determine the critical importance of IFN-␥ and CD8 T lymphocytes in immunity to SFG rickettsiae in vivo . The lesser ability of typhus group rickettsiae to spread from cell-to-cell and the greater propensity to establish prolonged or latent infection in nature (eg, R. prowazekii in humans and flying squirrels and R. typhi in rats) suggests that typhus group rickettsiae may interact differently with the immune system (Bozeman et al, 1975; Wisseman and Waddell, 1975; Sonenshine et al, 1978; Traub et al, 1978) . In this study, the critical importance of IFN-␥ and CD8 T lymphocytes has been linked to survival of the host and clearance of typhus group rickettsiae, similar to what has been documented for the SFG rickettsia, R. conorii. This advance in knowledge was enabled by the development and characterization of a mouse model for typhus group rickettsial infection.
The importance of cellular immunity to R. typhi has been demonstrated previously in two animal models. Electron photomicrograph of a necrotic-appearing rickettsia with dense homogeneous protoplasm and an irregular cell wall within a phagolysosome of a splenic macrophage 4 days after inoculation of 10 LD 50 of R. typhi. Bar 0.5 m.
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Murphy et al inoculated guinea pigs intradermally with 8.2 ϫ 10 4 or 8.2 ϫ 10 6 plaque-forming units (PFU) of R. typhi and observed the development of an eschar containing predominantly large mononuclear cells with peak rickettsial content on Day 3 and markedly reduced but persistent infection through the final observation on Day 7 (Murphy et al, 1978) . Immune animals cleared the inoculated rickettsiae rapidly in association with infiltration of large mononuclear cells and lymphocytes and did not develop eschars. Adoptive transfer of immune spleen cells from inbred guinea pigs into naive syngeneic strain 13 guinea pigs resulted in inhibition of the growth of intradermally inoculated R. typhi (Murphy et al, 1979) . In contrast, passive transfer of immune serum did not prevent the growth of the inoculated rickettsiae. In this guinea pig model, rickettsiae were observed by immunofluorescence to be associated with the microvasculature.
Crist et al investigated rickettsial immunity in Balb/c mice inoculated subcutaneously with R. typhi. Control of infection at the inoculation site preceded reduction of the infectious rickettsial content in the spleen where viable organisms persisted for at least 28 days (Crist et al, 1984a) . Adoptive transfer of immune spleen cells, but not passive transfer of immune sera, resulted in earlier control of the growth of R. typhi in the spleen of subcutaneously infected animals. Depletion of lymphoid cells with antibodies to theta antigen suggested 
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The other contemporary studies of immunity that have defined the importance of IFN-␥ in rickettsial killing and the existence of a subpopulation of T lymphocytes that is a potentially important mediator of immunity to typhus group rickettsial infections have been performed exclusively in vitro. Investigations demonstrating that IFN-␥ and TNF-␣ activate the intracellular killing of R. prowazekii by nitric oxide-dependent and nitric oxideindependent mechanisms have been conducted principally in fibroblasts and macrophages, which are non-targets and minor targets, respectively, in R. prowazekii and R. typhi infections rather than in the principal target of infection, the endothelium (Turco and Winkler, 1983a , 1983b Wisseman and Waddell, 1983) . The importance of IFN-␥ in immunity to typhus group rickettsiae had not been evaluated in vivo before the present study. Similarly, this is the first report that demonstrates the importance of a particular T lymphocyte subset in immunity to typhus group rickettsiae. The demonstration of the critical importance of CD8 T lymphocytes suggests that previously described major histocompatibility class I-restricted cytotoxic T lymphocytes in R. typhiimmune mice might be important effectors in the clearance of rickettsiae and recovery from infection (Rollwagen et al, 1986) .
The evaluation in vivo of the role of phenomena that are described in vitro is an essential step in the elucidation of mechanisms of immunity and pathogenesis. Unfortunately, ideal or even near ideal models are not available for many infectious diseases. The C3H/ HeN mouse-R. typhi model represents a useful addition to the portfolio of tools to study immunity and pathogenesis in typhus group rickettsial infection. It accurately reproduces most of the important features of human typhus fevers, namely hematogenous dissemination; endothelial cell infection as the principal target; macrophage infection as a minor target; characteristic vascular pathology (endothelial swelling, perivascular infiltration of foci of infection by lymphocytes and macrophages); typical organ involvement including the most clinically relevant manifestations, rickettsial encephalitis and pneumonitis; predictable lethal and sublethal doses; and clearance of rickettsiae associated with perivascular lymphohistiocytic infiltrate (Wolbach et al, 1922; Walker et al, 1989) . The mouse host offers the availability of numerous immunologic reagents and gene knockout animals for further investigations. The two major reservations about this model are the bypass of the cutaneous portal of Walker et al entry (associated in naturally acquired infections with skin contamination by infected insect feces) and the host species differences between humans and mice.
Contemporary considerations include the very grave threat that typhus group rickettsiae would pose if used as bioterrorist agents, particularly if resistance to tetracycline and chloramphenicol were engineered into the rickettsiae, as has been done with rifampin (Rachek et al, 1998) . Indeed, R. prowazekii and R. rickettsii are among the 12 bacterial species on the list of agents with restrictions on transfer because of legislation to prevent bioterrorism (Atlas, 1998), and R. prowazekii has been produced and stockpiled as a biologic weapon (Alibek and Handelman, 1999) . In a review article on R. prowazekii, two of the leading investigators of immunity to typhus rickettsiae, Winkler and Turco, stated, "Lack of an animal model (other than the cotton rat and the cynomolgus monkey) which reproduces the features of human epidemic typhus has limited the study of host defenses against this organism" ). The present model, although utilizing R. typhi rather than R. prowazekii, would enable investigation of the role of selected genes in attenuation. The entire genome of R. prowazekii has been sequenced and is available, and there is a very close evolutionary and genetic relationship between R. prowazekii and R. typhi (Roux and Raoult, 1995; Stothard and Fuerst, 1995; Roux et al, 1997; Anderson et al, 1998) . Gene sequences from R. prowazekii could be used to identify the corresponding gene in R. typhi. Deletion of the gene by homologous recombination is within the reach of contemporary technologic approaches to rickettsiae, as indicated by the successful transformation of R. typhi by electroporation (Troyer et al, 1999) . R. typhi with gene deletion could be tested in the C3H/HeN-R. typhi model for attenuation and for the ability to stimulate immunity. Thus a more powerful approach is now available, not only for the study of immunity, but also for vaccine development and the investigation of pathogenic mechanisms of these rickettsiae.
Materials and Methods
Rickettsia
R. typhi (Wilmington strain) was obtained from the American Type Culture Collection (Rockville, MD). Embryonated chicken eggs were inoculated, and the infectious yolk sacs were harvested and pooled. The 10% yolk sac stock contained 10 6.2 LD 50 per ml. Our titrations demonstrated that approximately 3 ϫ 10 4 PFU of R. typhi was 1 LD 50 , and a previous study demonstrated that 1 PFU was equivalent to 1 median tissue culture infectious dose (TCID 50 ) (Ormsbee et al, 1978) .
Cytokine Assays
ELISA kits (Genzyme, Cambridge, MA) were used to measure the concentrations of IL-2, IL-4, IL-10, IL-12, and IFN-␥. The sera used for studies of cytokine levels were collected on Days 5, 10, and 15 from different groups of infected mice. Splenocytes were harvested on Days 5, 10, and 15 after rickettsial inoculation, and 5 ϫ 10 6 cells/ml were stimulated with concanavalin A (5 g/ml). After incubation at 37°C in a 5% CO 2 atmosphere for 48 hours, the culture supernatants were harvested and centrifuged at 440 ϫg for 10 minutes. The supernatants were stored at Ϫ20°C until assayed for cytokine levels. The cytokine levels in the sera and supernatants were assayed by ELISA, performed according to the manufacturer's instructions.
Quantification of the Infectious Content of R. typhi in Tissues by Plaque Assay and Cell Culture Titration
The plaque assay method was similar to that described previously for R. conorii . Because plaque formation by R. typhi was slower, the results were read on Day 8 instead of on Day 3 as is the case for R. conorii. To prevent drying of the agarose overlay, 1 ml of Eagle's minimum essential medium (EMEM; Gibco, Gaithersburg, MD) containing 1% fetal bovine serum (FBS; Hyclone, Logan, UT) and 1 g/ml cycloheximide (Sigma, St. Louis, MO) was added after the agarose solidified.
The TCID 50 of each sample was determined by inoculation of 0.2 ml of serial 10-fold dilutions of triturated weighed organ samples in duplicate to monolayers of Vero cells in 24-well plates. After incubation at 37°C for 2 hours in a 5% CO 2 atmosphere to allow rickettsial attachment and entry, 1 ml of MEM containing 1% bovine calf serum was added to each well, and the cultures were incubated as above for 10 days. Then the cells were scraped from each well, centrifuged by cytospin (Shandon, Pittsburgh, PA), and stained with Diff-Quik to detect growth of R. typhi. TCID 50 was calculated for each specimen by the Reed-Muench equation.
Experimental Design
In the first set of experiments to determine the rickettsial and pathologic events in the lethal and sublethal infections, 44 six-to-eight-week-old male C3H/HeN mice were divided into two groups: 20 mice were inoculated intravenously with 10 LD 50 of R. typhi, and 24 mice were inoculated intravenously with 0.1 LD 50 . Of the mice inoculated with 10 LD 50 , four were killed on Day 2, six on Day 4, and six on Day 6, and four were observed for mortality. Of the mice inoculated with 0.1 LD 50 , six were killed on each of Days 5, 10, and 15, and the remaining six were observed for 4 weeks for mortality. Sera were collected for antibody titration, and spleen, lung, and brain were collected aseptically for titration of infectious rickettsial content by determining the TCID 50 .
In the second set of experiments to evaluate the roles of IFN-␥ and CD8 T lymphocytes in immunity, a total of 78 six-to-eight-week-old male C3H/HeN mice were used in three replicated experiments: 30 mice for experiment 1, and 24 mice for each of replicates 2 and 3. In each replicate, the mice were divided into three groups, and inoculated intravenously with 0.88 LD 50 of R. typhi via the tail vein. In group 1, 30 mice (10 in each of replicates 1, 2, and 3) received ascites induced by the injection of the murine non-immunoglobulin secreting myeloma SP2/0 cells as the sham-depleted group. In group 2 (IFN-␥ depleted), 22 of the mice (10 in experiment 1, and six in each of replicates 2 and 3) received ascites induced by hybridoma R4 -6A2 (HB-170, ATCC) at 1 mg of protein per mouse per dose on Day 0 and Day 2 after R. typhi inoculation. In group 3 (26 mice; 10 for experiment 1, and eight for each of replicates 2 and 3), CD8
ϩ T lymphocytes were depleted by the inoculation of ascites induced by hybridoma 53-6.72 (TIB-105, ATCC) at 1 mg of protein per mouse per dose on the day of rickettsial infection and 3 days before inoculation. The globulin fraction was purified from ascites fluids by ammonium sulfate precipitation.
All mice were observed daily to determine the morbidity and mortality. On each of Days 5, 10, and 15 after inoculation with R. typhi, two surviving mice, if any, in each group were killed, sera were collected and stored at Ϫ20°C for measurement of antibody titers by indirect immunofluorescent assay and for cytokine assays. Samples of spleen, lungs, and brain were weighed and used for rickettsial infectious titration by plaque assay, and part of the spleen was used for concanavalin A stimulation of lymphocytes and measurement of cytokine secretion. Samples of spleen, lungs, heart, liver, kidney, brain, testis, and testicular adnexae were fixed in 4% neutral buffered formaldehyde for histopathology and immunohistochemical observation of the anatomic distribution and relative quantities of R. typhi.
Statistical Analysis
All statistical evaluations were performed using Student's t test.
Histopathology and Immunohistochemistry
Tissue sections were prepared and stained by hematoxylin-eosin and by immunohistochemistry with a monoclonal antibody for typhus group rickettsial lipopolysaccharide, as previously described .
Electron Microscopy
Pieces of tissues were placed immediately into a drop of fixative and cut into 1-mm 3 cubes. They were then 
